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pedance between the empty and loaded coil
is recorded. The change in impedance or
current flow induced in a biological system is
a function of its conductive and dielectric
properties. The conductive properties are
related to the intra- and extracellular ionic
content of lean tissue. While the subjectis in
the electromagnetic field, small electrical
currents are induced within body water. During
this process, impedance to current flow inthe
systemresults inan irreversible loss of energy
as heat. This energy loss is detected in the
coil as an index of conductive mass of the
subject. The dielectric effect is associated
primarily with capacitance related to cell
membranes. This represents the reactive
part of impedance, in which energy transferis
reversible due to temporary storage of elec-
trical energy. Capacitance is partly deter-
mined by the geometry of the subject, and can
interact with the shape of the electromag-
netic field. Capacitance increases as cross-
sectional area and/or length increase. While
both electrical properties define the flow of
current in a subject, the conductive proper-
ties appear to exert a more dominant effectin
estimating lean tissue mass(Boileau, 1988;
Harrison, 1987).

Electromagnetic scanning or total body
electrical conductivity (TOBEC) originated
from the electronic meat measuring equip-
ment (EMME) developed to measure the
lean and fat content of live pigs (Model SA-
1). Later, the prototype was modified for
measurement of packaged meat and human
lean mass (EMME/TOBEC HA-1). In this
model, the subject is statically situated and
the system records a single number that re-
flects both conductive and dielectric proper-
ties. A second generation instrument has
been developed for human use (Model HA-
2%) in which the subject is scanned and the
system accounts for conductive and dielectric
properties separately(Boileau, 1988).

The application of electromagnetic
scanning in estimation of lean body mass in

a AgMed, Inc., Springfield, IL., USA




humans has been extensively reviewed by
Boileau (1988) and Harrison (1987). There
have been several reports on estimating pork
carcass composition using the EMME/SA-1
scanner. Domermuth et al.(1976) found a
good correlation (r = .84) between live pig
EMME reading and weight of four lean cuts;
adding body weight to the prediction equa-
tion gave R% of .80. The relationship between
the live pig EMME reading and total four
lean cuts weight, loin weight , ham weight,
boston butt weight, picnic weight, and dis-
sected lean weight in four lean cuts was R? =
.53, 46, .48, .07, .08, .48 and RSD (kg) = 1.04,
.63, .50, .38, .42, 1.12, respectively (Joyal et
al., 1987). Fredeenet al.(1979) indicated that
the R? between the live pig EMME reading
and the percentage lean in four lean cuts was
40 and .79 in two separate trials. The rela-
tionship between carcass EMME reading and
four lean cut weight, and lean content of the
four lean cuts was R? = .34 and .26, with RSD
(kg) = 1.51 and 1.41, respectively (Jones et
al., 1983). Mersmann et al. (1984) found the
correlation between the live EMME reading
and percentage lean cuts in pork carcasses
was low (r = -.13); they also found the repro-
ducibility of EMME measurement to be low.
With the new HA-2 model, Keim et al.(1988)
reported a high correlation between TOBEC
phase average and empty-body fat free mass
(r = .98). The degree of body fatness did not
affect this relationship. In addition, the re-
producibility was excellent (coefficient of
variation within animal = 1.3%).

The electromagnetic scanning signal
is affected by geometry, temperature, and
movement of subjects, as well as by position
of subjects on the carriage (Cochran et al.
1986). For a given amount of electrolyte, the
EMME signal progressively increases with
increasing volume of solution. The more the
subject protrudesinto the center of the cham-
ber, the higher the EMME signal. The signal
increases with increasing temperature. The
various electrolytes present in living tissues
affect the EMME signal to different degrees.
The signal is affected by absolute amount,
composition and concentration of electro-
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tervals. The beginning of the curve (left end)
was flat because there was very little muscle
mass in the hind shank and electromagnetic
force near each end of the coil is weak. When
muscle mass of the ham entered the field, the
curve rose and continued to rise to a peak
when the entire carcass was situated in the
field. When the ham exited the field, the
curve declined. The shoulder remained in
the field as the 64th measurement was re-
corded, so the curve did not return to base
line. A plot of these 64 measurements pro-
vided an asymmetric bell shaped curve. The
height and area of various curve segments,
defined in relation to the curve peak, were
analyzed to determine relationships to vari-
ous carcass components. The starting point
(left end) of the curve was defined as 0, and
the peak as 100. This distance set the X-axis
scale for each curve from 0 to 150. The
variables used in curve analysis were defined
as follows : A = area under specific portions
of the curve; H = curve height at a specific
point; E = the last reading (right end) of the
curve.

Carcass physical dissection was begun
after an overnight chill at 2°C. Carcasslength
from the anterior of the first rib to the ante-
rior of the aitch bone (L.2) was measured.
Those carcasses that could not be dissected
the day following slaughter were shrouded in
polyvinylchloride. The right side of each
carcass was fabricated into trimmed whole-
sale cuts as recommended by the American
Meat Science Association (1952) and cut
weights were recorded. Each primal cut was
then dissected into muscle, fat, skin and bone
components, and weights of each recorded.
Muscle from each of the five carcass primal
cuts (ham, loin, belly, picnic and boston shoul-
der) and the combined lean from dissection
of neckbones, spareribs, feet, jowl, tail and
lean from wholesale cuts fabrication was
ground three times. A random .5 kg sample
from each primal cut and a combined lean
sample was secured for lipid analysis. Each
sample was mixed and homogenized by fur-
ther chopping using a commercial high speed
chopper. Triplicate 2 g subsamples from




each sample were used to determine lipid
content of dissected leanby an AOAC (1984)
approved Soxhlet procedure. Lean of primal
cuts and carcass was standardized to contain
10% fat as described by Fahey et al.(1977).

(areas and heights of curve), HC
and TEM serving as independent
(SAS, 1986).
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Data were analyzed using simple cor-
relation procedures. Regression equations to
predict weight and percentage fat-standard-
ized lean in each primal cut and carcass were

: it
The weight range of the anlmm{n
in this study was representative Ot!

; 3
in US commercial market hogs (Taz\‘,fa

general, gilts were leaner than bar! i)

e

developed using maximum R? improvement
procedures, with various TOBEC readings

. . )|
though gilts were heavier than bar™

data set.

Table 1. Means and standard deviations for experimental animals.

)
Total Gilts Baf“g‘; '
n=112 n=49 ==
Mean SD¢ Mean SD¢ Meall
g
Slaughter weight, kg 1063592 108.3." 93 1047 ¢
Warm carcass weight, kg 786 6.6 797 69 718
Longissimus muscle area, 44
10th rib, cm? 330 46 347 42 316
Fat depth, 5 cm of
midline, 10th rib, cm 29 - 37 26 5 3.2
Carcass length 10
L12, cm 1538 7.6 1559 7.0 1520 4
L2°, cm 802 3.1 8.1 30 797
Primal cut fat-standardized lean® i i
Ham, kg 60 .8 64 ¢ .7 i
Loin, kg 49 7 T - 47§
Shoulder, kg 49 7 52 6 47
Primal cut weight® ’
Ham, kg 88 .8 91 9  SOUN
Loin, kg T8 TR 69 |
Shoulder, kg 12 G 74 8 74
Carcass fat-standardized lean? 6 4
Weight, ke 393 4.9 415 40 3T
Percent 500 4.7 520 3.1 48-
Carcass fat weight? 4 40
Weight, kg 282 47 267 40 25
Percent 363 5.0 339 35 38

®From hind foot to the most anterior point of the carcass
®From the anterior of first rib to the anterior of aitch bone

‘Right side of carcass
dRight side doubled
¢ Standard deviation
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! eqllati()ReSldufil S.D. and R? values from
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“Onten N Which predict fat-standardized lean
Hsge arln trimmed primal cuts and in car-
2, Ty Presented in Table 2. With H100,
dRirdized 1and HCW in the model, fat-stan-

€an in carcass was predicted with

j T“ng\&as’ SD 1.47. Electromagnetic scan-
| gy ®S almost ¢

€qually accurate in predict-
: ?dardlzed lean in ham (R? = .91,
Q) b ) and shoulder (R? = .89, RSD =

8 At-sty

fat-standardized lean content in the loin,
accuracy dropped (R? = .80, RSD = .29). In
this scanning technique, the loin and belly
were scanned together, so the measurement
of lean content is affected by the lean mass in
the belly. Carcass temperature varied from
31 to 40°C, because of time differences after
the hogs had been scalded and before intro-
duction into the electromagnetic scanner. In
the meat industry, speed of the slaughter line

> OUt wi ;
(TH"rS, With different variables in the model is stable, so variation of carcasses tempera-
EM, Teg ’A,0‘45,L1 and H100,H70, H135, ture should be reduced. In practical use,
Pectlvely). However, in predicting carcass temperature may not be required in
Table 2. Prediction equations for fat-standardized lean
content in carcasses and primal cuts (kg).
b value R? RSD
Carcass
91 1.47
Intercept 22,1817
H100 198"
12 379"
TEM -.8227
HCwW -.096™
Ham
91 2D
Intercept 5.038°"
H45 104
TEM -.163™
A0-45 -.005™"
L1 019"
Loin
.80 29
Intercept 991
ATS-E 0017
L2 067"
TEM - 110"
H1s -.032™
ShOulder
.89 22
Intercept Tt 1
H100 103"
H7s -.078""
H135 -035™
TEM -.085""

P < 001




the equations. Electromagnetic scanning not
only accurately estimates the fat-standard-
ized lean content in carcasses, but also in
primal cuts. Since lean composition and
value varies among primal cuts, lean content
in each primal cut may more accurately de-
termine carcass value than pricing systems
based on total carcass lean.

In predicting weight of primal cuts,
R?values were less than those for predicting
lean content (Table 3). The electromagnetic
scanner measures lean mass directly, not
accounting for fat, bone and skin. This results
in decreased R? values since fat, bone and
skin are included with primal cut weights.
However, if pork processors sort primal cuts
by weight on production lines, these equa-
tions would be useful.

ﬂ'l‘-!

Equations for predicting per’ cf?
fat-standardized lean content iB Cﬁb-’
and primal cuts are presented i

Percentage of fat-standardized lea?
mal cuts and carcasss is estimated 1650(
rately than lean mass for the sameT®”
primal cut weight is predicted with 7 f‘
curacy. In practical use, if 2 Cﬁlr y
pricing system is based on the © ﬂ‘
instead of percentage of lean M2 S{Iﬂ”’
casses or primal cuts, accuracy i8 s‘e"
the percentage lean content in car¢

not be important.

o
Though there was a Slgmf o
effect in predicting fat-standardiz af“
tent in carcasses and hams, 20°
weight, there was less than a 17

Table 3. Prediction equations for primal cut weight (kg).

b value R? RSD

Ham

88 30
Intercept 4.923™
HCW 064"
H45 073™
A0-45 -.004™"
TEM -.104™"
Loin
75 37
Intercept -4.341°"
L2 .083™"
H85 036"
HCW 0377
A075-100 -.002"

Shoulder 5 24 11?
Intercept 1.845™ v-\
H100 0717 !
HCW 050" :
H70 -070™
A135-E -.002™

b
***pP < .001
P < 01
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Table 4.

Prediction equations for percentage fat-standardized

lean in primal cuts and carcasses.

b value R? RSD
Carcass
.82 1.96
Intercept 83.000™"
H100 D55
HCW 788"
152, 475
TEM 1107
Ham
.76 D55
Intercept 88.127°
H110 2507
HCW -.693™
L2 51077
TEM -997""
Loin
46 3.35
Intercept 46.870™"
H120 387
HCW -488™"
12 Skl
H150 =395
ShOulder
.69 252
Intercept 112533
H100 227
HCw -.6607"
TEM -1,555™"
L2 468"
P < 001

:trl bSQXeS 8 The primary difference be-

g
qusex
1

Qgt]n

€en accounted for by other

Se
Quently there is no need to

€ Prediction equations.

Quatj,
8on, Hts generated were validated
€I group of 24 barrows,

93
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to 129 kg live weight. There was no systematic
bias for estimating the mcan of fat-standard-
ized lean content in primal cuts and carcasses
in this new group. As expected, the deviation
was higher in applying the equations to a new
group of pigs than the original group of pigs.




CONCLUSION

The precision with which fat-standard-
ized lean mass in primal cuts and carcasses
was measured using electromagnetic scan-
ning suggests that this technology has excel-
lent potential for application in carcass-merit-
based price discovery systems.
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